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The effect of floor type in farrowing 
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The effect on piglet welfare of different combinations of flooring in the sow and piglet
areas of farrowing crates was examined. One hundred and three multiparous sows
were housed, from one week pre-farrowing through farrowing and lactation to wean-
ing, in farrowing crates with one of five flooring combinations: SS – slatted steel in
both the sow and piglet areas of the crate; SP – slatted steel sow flooring and plastic-
coated expanded metal for the piglets; AP – slatted steel (with a checker-plate panel)
sow flooring and plastic-coated expanded metal for the piglets; CP – expanded cast
iron sow flooring and plastic-coated expanded metal for the piglets; PP – plastic-coated
woven wire sow flooring and plastic-coated expanded metal for the piglets. The
number of litters assigned to SS, SP, AP, CP and PP were 27, 23, 17, 18 and 18, respec-
tively. All piglet areas had a water-heated pad. Piglets were examined for lesions,
scored from zero to three according to severity, at six locations on each foot and at
seven locations on each limb during the suckling period. Addition of scores at each
location yielded a foot and limb lesion score. In addition, the proportion of piglets in a
litter affected by at least one injury was calculated for each of the following: the carpal
joints, coronets, accessory digits, footpads. Piglet behaviour was recorded for 2 h,
between 1330 and 1630, at 24 h after birth. Litters were weighed at birth and at wean-
ing, and all deaths were recorded during the suckling period. SS litters had higher foot
and limb lesion scores (P < 0.001). In addition, a greater proportion of piglets in SS
litters were affected by at least one injury to the carpal joint, coronet, accessory digit
and footpad (P < 0.001). SP piglets were active on the heatpad in more observations
than AP piglets (P < 0.05). PP piglets were inactive in other areas of the pen in more
observations than SS piglets (P < 0.05). There was no effect of treatment on piglet
weight gain or mortality. It is concluded that the use of slatted steel in piglet areas of
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Introduction
There are numerous animal welfare disad-
vantages associated with slatted floors
(Furniss et al., 1986; Phillips, Fraser and
Thompson, 1996; Boyle, 1997), but they
have one important management advan-
tage. They are compatible with slatted
slurry disposal systems that require less
labour and so they are likely to persist in
farrowing crates for the foreseeable
future.
Slatted floors in farrowing crates pre-
sent a dilemma because the needs of the
sow differ from those of her piglets in a
number of ways (Roach, 1981). Piglets
require floors with low abrasive properties
(Clark, 1983; Nilsson, 1988) as floor abra-
siveness is a major cause of superficial
injury in piglets in farrowing pens (Clark,
1985). However, breeding stock require
access to an abrasive surface in order to
prevent hoof overgrowth (MAFF, 1992).
Indeed, attempts to provide a non-abra-
sive surface for piglets resulted in floors,
which were too slippery for sows and gilts
(Mitchell and Smith, 1977).  Sows produce
the bulk of faecal matter in farrowing pens
(Baxter and Robertson, 1971), so it is
important that the slats behind the sow
are as near self-cleaning as possible.
When slot width is greater than 10 mm
there is a risk of injury to the piglets
(Mitchell and Smith, 1977; Wells, 1979).
Wound development in suckling piglets
is multi-factorial. The process by which a
leg wound appears is a combination of
abrasion and friction. When the leg is
rubbed on the floor, sharp particles on the
floor surface shear off particles of tissue.
Concurrently, frictional forces generate
heat as the leg is rubbed repeatedly, and
the heat generated leads to deterioration
in the structural integrity of the skin
(Phillips, Fraser and Buckley, 1992). Floor
properties such as surface temperature,
surface roughness and coefficient of fric-
tion play a role in the development of
wounds in piglets (Phillips et al., 1992).
Clark (1983) showed that injury occurred
in 100% of piglets within 24 h of birth.
More recently, Mouttotou and Green
(1999) identified 61% of piglets with sole
bruising within 24 h of birth. Leonard,
O’Connell and Lynch (1996) found that
piglets housed on metal floors had lower
foot lesion scores but piglets housed on
plastic floors had fewer skin lesions. This
is in contrast to the findings of Quemere
et al. (1988) and Navarotto et al. (1994)
who found that iron mesh caused more
lesions than plastic flooring. Similarly,
Courboulay et al. (2000) found that piglets
had a higher incidence of footpad lesions
and knee injuries when housed on metal
slats than on plastic slats, concrete or plas-
tic-coated wire. Although most injuries
heal by the time piglets are weaned
(Mitchell and Smith, 1978; Brennan and
Aherne, 1987; Mouttotou and Green,
1999), open wounds in young piglets may
provide an entry point for infection
(Penny, Edwards and Mulley, 1971) which
farrowing crates cannot be recommended because of injuries to piglets’ feet and limbs.
The combination of slatted steel in the sow area and plastic-coated expanded metal in
the piglet area encourages use of the heatpad. However, use of plastic-coated woven
wire in the sow area encourages piglets to use this area which puts them in danger of
being overlaid by the sow.
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can adversely affect performance later in
the production cycle (Waddilove, 1995).
Furthermore, even superficial injuries have
welfare implications (de Koning, 1985).
European Union Council Directive
2001/88/EC was adopted into European
law in October 2001. It lays down mini-
mum standards for the housing of pigs.
Farrowing crates can continue to be used
due to the lack of viable alternatives with
slatted slurry disposal systems. However,
further information on the health and wel-
fare implications of crates, including the
impact of different floor types, is required
for a report of the Scientific Committee
on Animal Health and Welfare to be
made by 1 January 2008.  
In countries where slatted systems are
used, crates were traditionally furnished
with one type of slatted floor. However, in
an effort to meet the differing needs of the
sow and her piglets the effects of five
flooring combinations on piglet welfare in
farrowing crates were assessed.
Materials and Methods
Animals
The experimental work was carried out at
Moorepark Research Centre, Fermoy, Co.
Cork where weekly farrowing is practised.
One hundred and three F1 (Large White
× Landrace) sows and gilts (Hermitage
AI, Co. Kilkenny) were used in five treat-
ments. Parity number ranged from zero to
nine (mean 3.73, s.d. 2.32). The experimen-
tal data were obtained over a 15-month
period (December 2000 to February 2002
inclusive). The animals were maintained to
high welfare standards under veterinary
supervision.
Piglets were ear-notched for identifica-
tion purposes after birth. In addition, an
experienced stockperson clipped the
piglets’ teeth to the gum line using a stan-
dard side-cutter clippers and docked their
tails. Piglets were injected with 1 ml Iron
Dextran and 1 ml Mycoplasma hypopneu-
moniae vaccine 3 days after birth. They
were also injected with 2 ml Mycoplasma
hypopneumoniae vaccine at weaning. This
was generally at 28 days of age but some
large piglets were weaned 1 week earlier
at 21 days of age.  
Housing and diet
All the sows farrowed previously in stan-
dard farrowing crates with slatted steel
floors, which had a non-slip section and
slat and slot widths of 10 mm.
Six days pre-partum the sows were
moved to the farrowing accommodation.
This consisted of two mechanically-venti-
lated, thermostatically-controlled rooms
(farrowing rooms A and B) each contain-
ing 10 farrowing pens. The farrowing
pens measured 2.30 m × 1.65 m. Each
pen contained a farrowing crate con-
structed of steel bars, situated in the cen-
tre of the pen and measuring 2.3 m × 0.5
m (O’Donovan Engineering, Coachford,
Co. Cork). Room temperature was main-
tained at 24 oC during the pre-partum
period. On the day after parturition the
temperature was reduced to 22 oC and
from the second week post-partum to the
time of weaning the room temperature
was maintained at 20 oC. Lighting was
provided by overhead fluorescent strips
and was turned on manually from 0800 to
1645 each day. Sows were fed a standard
lactating sow diet (3.3:1 water:solid liquid
feed) twice daily. The diet contained
(g/kg) 158 crude protein, 9.1 lysine, 56 fat,
35 crude fibre and 46 ash. Digestible ener-
gy concentration was 14.2 MJ/kg. Sows had
continuous access to water via a nipple
drinker (Aratowerk, Köln, Germany) in
the feed trough. Piglets also had continuous
access to water via a piglet-dedicated nipple
drinker (Monoflo GmBh, Heppenheim,
Germany). Solid feed (Startrite 88, SCA
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Nutrition Limited, Co. Kildare) was intro-
duced when the piglets were two weeks old. 
Treatments
The floors (Nooyen Roosters BV, Deurne,
The Netherlands) used in the sow areas of
the farrowing crates were:
S: slatted steel (Tribar® with Soft-Grip®)
with slat and slot widths of 10 mm. Over a
surface area of 1.47 m × 0.60 m the slatted
steel had a series of indentations. This was
to provide a non-slip surface for the sow
(U-Noslip®).
A: as for S, but with a solid metal checker-
plate panel (0.61 m × 0.59 m) in the ante-
rior part of the crate (under the sternum
and forelegs).
C: Expanded cast iron. The dimensions of
each opening were 99 mm × 10 mm. The
width of the cast iron bars was 12 mm.
P: Plastic-coated woven wire (Supercoated
Ecoline®) with a slatted steel section at the
rear of the crate to facilitate dung removal
(comprising slatted steel with slat and slot
widths of 10 mm, employed over a surface
area of 0.56 m × 0.6 m) and three solid
plastic-coated panels (Shoulderplates®)
(each panel covered a surface area of
0.15 m × 0.40 m) in the anterior part of
the crate (under the sternum and
forelegs). The dimensions of the dia-
mond-shaped openings in the floor were
49 mm × 11 mm. The width of the bar sur-
rounding each diamond-shaped opening
was 10 mm.
In the piglet areas of the farrowing
crates the floors (Nooyen Roosters BV,
Deurne, The Netherlands) were either:
S: slatted steel (Tribar® floor) with slat
and slot widths of 10 mm and a checker-
plate (solid non-slip) water-heated pad
(1.2 m × 0.45 m) situated on both sides of
the centrally-positioned crate.
P: plastic-coated expanded metal (Super-
coated Ecoline® floor), with a solid plas-
tic-coated water-heated pad (1.25 m ×
0.25 m) situated on both sides of the cen-
trally-positioned crate. The dimensions
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Figure 1: Areas of farrowing crate used in 2-h scan sample of piglet behaviour carried out
24 h after birth.
of the diamond-shaped openings were 25
mm × 13 mm. The width of the plastic-
coated expanded metal bar was 9 mm.
The locations of the sow and piglet
areas in the farrowing crate are shown in
Figure 1.
Five flooring combinations were eval-
uated. These were (1) slatted steel under
the sow and slatted steel in the piglet
areas (SS), (2) slatted steel under the
sow and plastic-coated expanded metal
in the piglet areas (SP), (3) slatted steel
with a checker-plate panel under the sow
and plastic-coated expanded metal in the
piglet areas (AP), (4) expanded cast iron
under the sow and plastic-coated
expanded metal in the piglet areas (CP)
and (5) plastic-coated woven wire under
the sow and plastic-coated expanded
metal in the piglet areas (PP). The num-
ber of litters used in SS, SP, AP, CP and
PP were 27, 23, 17, 18 and 18, respec-
tively. Sample size differences between
treatments were due to different num-
bers of farrowing crates equipped with
the five flooring combinations. Farrow-
ing room A contained 4 SS farrowing
crates. Farrowing room B contained 4 SP
farrowing crates and two each of AP, CP
and PP farrowing crates. Each room was
used approximately once every 6 weeks
as part of the normal farrowing routine.
Approximately 12 sows farrowed each
week. Within each weekly group, sows
were assigned at random from within
parity to the treatments.
Piglet lesions
Piglets were inspected for lesions at approx-
imately 24 h post-partum and again on days
8 and 15 post-partum. Lesions were cate-
gorised by the methodology of Penny,
Osborne and Wright (1963) and de Koning
(1985) and were assigned a severity score
from 0 to 3 (Table 1). Lesions were assessed
at six individual locations on each foot
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Table 1. Lesion types and associated severity scores used in assessing piglet foot and limb lesions1
Lesion Score Foot lesion Limb lesion
Bruise, severity 1 (least severe) 1 
Burn 1 
Callus 1 
Scab 1  
Swelling 1  
Peeling 1  
Redness 1  
Alopecia 1  
Redness and Alopecia 1  
Bruise, severity 2 (intermediate) 2 
Wound 2  
Severe burn 2 
Severe callus 2 
Severe scab 2  
Severe swelling 2  
Bruise, severity 3 (most severe) 3 
Severe wound 3  
Cracked 3 
Erosion 3 
Amputated 3 
Infection 3 
1Applicable scores indicated by .
(Figure 2a) and at seven individual loca-
tions on each limb (Figure 2b). Addition of
scores at the six locations on each of the
four feet yielded a foot lesion score.
Addition of scores at the seven locations on
each of the four limbs yielded a limb lesion
score. The proportion of piglets in a litter
with at least one lesion was determined for
the coronets, accessory digits, footpads and
carpal joints. Data on a small number of lit-
ters were not collected on two inspection
days due to time constraints.
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Figure 2: Locations on the feet (a) and limbs (b) inspected for lesions.
Piglet behaviour
Piglet behaviour was recorded at 24 h
post-partum using instantaneous scan
sampling techniques during a 2-h period
between 1330 and 1630. Every 5 min the
number of piglets in each litter that were
active and inactive on the heatpad, at the
teats and in any other part of the pen was
counted (Figure 1). This time of day was
previously identified as one of high activi-
ty in piglets (Beattie, 1994). 
Production records
Litter weight was recorded at birth and at
weaning. Causes of mortality throughout
the suckling period were also recorded.
These were crushing, low viability, starva-
tion, splay legs, meningitis, diarrhoea and
other.
Statistical methods
Procedures of the Statistical Analysis
System (SAS, 1999) were used to analyse
the data with litter as the experimental unit.
Production data were analysed by one-way
analysis of variance using PROC GLM of
SAS. Data on piglet behaviour were also
analysed by using PROC GLM. The pro-
portion of piglets in a litter that had at least
one lesion to the coronets, accessory digits,
footpads and carpal joints, and piglet foot
and limb lesion scores, were analysed using
PROC MIXED. The model included fixed
effects of treatment, day and their interac-
tion. Tukey’s Test was used to evaluate pair-
wise differences between treatments on
each individual observation day.
Results
Piglet lesions
There was an effect of treatment on the
foot and limb lesion scores (P < 0.001;
Table 2). In all instances the lesion scores
of SS litters were greater than those of lit-
ters on each of the other four floor combi-
nations (P < 0.01).
There was an effect of treatment on the
proportion of piglets in a litter that had at
least one carpal, coronet, accessory digit
and footpad lesion (P < 0.001; Table 3). A
higher proportion of piglets in SS litters
were affected by at least one carpal and
accessory digit lesion than on all other
floor combinations (P < 0.01). A greater
proportion of piglets in SS than in PP and
AP litters had at least one coronet lesion
and a greater proportion of piglets in SS
than in CP litters had at least one footpad
lesion (P < 0.01; Table 3). 
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Table 2. The effect of five flooring combinations used in farrowing crates on foot and limb lesion scores (least
squares mean  ± s.e.) of piglets during the suckling period
Lesion Piglet Flooring combination1 F-test
area age (days)
SS SP AP CP PP
Feet 1 24.6 ± 1.0a 16.0 ± 1.1b 16.6 ± 1.2b 15.1 ± 1.2b 16.3 ± 1.2b ***
8 22.6 ± 1.0a 15.8 ± 1.1b 14.5 ± 1.2b 14.7 ± 1.2b 15.8 ± 1.2b ***
15 20.1 ± 1.0a 10.8 ± 1.1b 10.0 ± 1.2b 9.4 ± 1.2b 12.2 ± 1.2b ***
Limbs 1 1.3 ± 0.2a 0.4 ± 0.2b 0.8 ± 0.2b 0.4 ± 0.2b 0.5 ± 0.2b ***
8 2.2 ± 0.2a 1.0 ± 0.2b 1.3 ± 0.2b 1.1 ± 0.2b 1.0 ± 0.2b ***
15 2.5 ± 0.2a 1.1 ± 0.2b 1.3 ± 0.2b 1.4 ± 0.2b 1.3 ± 0.2b ***
1SS: slatted steel under the sow and slatted steel in piglet areas, SP: slatted steel under the sow and plastic-
coated expanded metal in piglet areas, AP: slatted steel with a solid panel under the sow and plastic-coated
expanded metal in piglet areas, CP: cast iron slats under the sow and plastic-coated expanded metal in piglet
areas, PP: plastic-coated woven wire under the sow and plastic-coated expanded metal in piglet areas.
a,b Within rows, means without a common superscript differ significantly (P < 0.05).
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Piglet behaviour
Treatment affected the proportion of
observations in which piglets were active
on the heatpad (P < 0.05; Table 4). SP
piglets were active on the heatpad in a
greater proportion of observations than
AP piglets (P < 0.05). There was also an
effect of treatment on the proportion of
observations in which piglets were inactive
in other areas of the pen (P < 0.05; Table
4). PP piglets were inactive in other areas
of the pen in a greater proportion of
observations than SS piglets (P < 0.05).
Production
There was no effect of treatment on any of
the production parameters recorded (P >
0.05;  Table 5).
Discussion
In agreement with previous research find-
ings (Furniss et al., 1986; Leonard et al.,
1996; Courboulay et al., 2000) the use of
plastic-coated expanded metal in the
piglet area significantly reduced limb
damage, compared to steel flooring.
Mouttotou, Hatchell and Green (1999)
identified the repeated rubbing on the
floor while piglets kneel during suckling as
the main cause of damage to piglets limbs,
particularly the forelimbs. Hence, our
finding that injury to the piglets limbs was
more likely due to the flooring used in the
piglet area than in the sow area of the
crate is not surprising. The finding of
carpal lesions in 1-day-old piglets on all
floors raises concern for their welfare but
is not unusual (Penny et al., 1971; Furniss
et al., 1986). It was likely due to the
intense scrambling that goes on at the
udder to establish a teat order soon after
birth (Hartsock and Graves, 1976). Skin
abrasions were usually superficial. The
importance of wounds to the carpal joint
and other areas of the limb is that they may
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become infected resulting in joint
swellings, abscess formation and lameness
(Smith and Mitchell, 1976; Gardner et al.,
1990; Phillips, Fraser and Pawluczuk,
1995). In addition, injuries sustained in
farrowing crates are implicated in injury
and performance later in life (Waddilove,
1995). Irrespective of effects on perform-
ance, a high frequency of injured piglets or
the presence of piglets with severe injuries
indicates reduced welfare (Ekesbo, 1981;
Webb and Nilsson, 1983). 
Slatted steel in the piglet areas also had
a negative effect on piglet foot lesions rel-
ative to the plastic-coated expanded
metal. This supports the findings of other
studies (Kornegay, Thomas and Bryant,
1981; Navarotto et al., 1994; Courboulay et
al., 2000). Many studies have highlighted
problems associated with piglets’ feet
passing through the perforations in the
floor, which can lead to accessory digit,
coronet and footpad lesions (Mitchell and
Smith, 1978; Van Veen, Vellenga and
Hoogerbrugge, 1985; Vellenga, van Veen
and Hoogerbrugge, 1983). Piglets’ feet
were probably less likely to get caught in
the diamond-shaped openings of the plas-
tic-coated expanded metal floor. If they
did get caught the plastic coating reduced
the injurious chaffing and rubbing associat-
ed with freeing the trapped foot (Mitchell
and Smith, 1978). The type of sow flooring
used in combination with the plastic-coated
piglet floor had no consistent influence on
piglet foot lesions.  
Behaviour was recorded when the
piglets were approximately 1-day-old
because at that age they can show a strong
preference for certain floor types (Farmer
and Christison, 1982). This preference 
is best indicated by lying behaviour
(Pouteaux, Christison and Stricklin, 1982).
It is preferable that piglets lie on the heat-
pad, as they are less at risk of crushing or
chilling there than if they lie elsewhere in
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the crate (Cronin and Cropley, 1991). The
observation that piglets were inactive in
areas of the crate other than on the heat-
pad when the combination of plastic-coated
flooring in both the sow and piglet areas
was used is consistent with the finding that
plastic-coated expanded metal is consis-
tently preferred by piglets over other types
of slatted floors (Marx and Schuster, 1980,
1982; Pouteaux et al., 1982). Hence, when
it covered the entire crate floor the piglets
did not have to restrict their lying to the
heatpad. The more time piglets spend off
the heatpad the greater the danger from
being close to the sow. Consequently, use
of plastic-coated type flooring in the sow
area of farrowing crates cannot be recom-
mended. On the other hand, use of the
slatted steel floor in the sow area in com-
bination with the plastic-coated floor in
the piglet area encouraged piglets to use
the heatpad. This was probably because
the slatted steel was uncomfortable for
piglet activity. Unfortunately, slatted steel
floors are more injurious to sows than
plastic-coated floors (Leonard et al., 1996),
which emphasises the difficulty in recon-
ciling the needs of the sow with the needs
of her piglets in farrowing crates. 
Pre-weaning mortality in systems such
as used in this study is normally about
9% and so is an important economic
problem (Martin, 2002). Although there
was no effect of treatment on mortality
in this study, nor in a previous study at
Moorepark Research Centre (O’Connell,
Leonard and Lynch, 1996), Hoofs (1996)
did show that mortality was lower in far-
rowing crates with plastic slats than with
metal slats. In agreement with several stud-
ies elsewhere, there was no effect of floor
type on piglet weight gain (e.g. Navarotto
et al., 1994). However, Elst-Wahle et al.
(1992) reported that piglets on a fully slat-
ted soft-coated Tribar® floor had a higher
rate of gain than piglets on a conventional
slatted Tribar® floor or a part-slatted
Tribar® floor. 
It is concluded that plastic-coated
expanded metal should be used in prefer-
ence to slatted steel in the piglet area of
farrowing crates and that piglets are
encouraged to use the heatpads when the
sow area of the crate has a slatted steel
floor. The latter should reduce the risk of
accidental mortality due to being overlaid
by the sow. 
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